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Abstract

Ecological Niche Modeling of Eight Crayfish Species in Texas

Nathan Schubert

Thesis Chair: Joshua Banta, Ph.D.
The University of Texas at Tyler
December 2022

Freshwater species make up ~10% of all known species and occupy less than one percent of
earth’s habitat, which is being degraded by human usage. Crayfish have a large impact on their
aquatic or terrestrial environment and can serve as a health indicator of aquatic environments, as
they generally require undegraded environments. In many habitats, crayfish make up more than
half of the macroinvertebrate biomass, and play important ecological roles, as a food resource for
both aquatic and terrestrial species, as predators of fish and invertebrates, and as bioprocessors of
vegetation and detritus. The objective of this project was to model the habitats that Texas
crayfish inhabit. These models were run for the species: Procambarus clarkii, Procambarus
acutus, Procambarus simulans, Procambarus texanus, Procambarus fayettei, Lacunicambarus
ludovicianus, Faxonius nais and Faxonius occidentalis. Crayfish are an understudied taxon,
especially in Texas. To model species distributions throughout Texas, environmental data and
species occurrence locations were combined using the software Maxent to make maps of habitat
4

suitability for each species across the entire landscape. Some habitat associations for the various
species had reoccurring themes, specifically those for: precipitation seasonality, available water
capacity, percent clay, organic matter and baseflow. Future work with central Texas crayfish can
use the results of this study to compare niches and understand where competition and invasion
could affect populations of native crayfish.
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Chapter 1
Introduction
Freshwater species make up ~10% of all known species and occupy less than one percent
of earth’s habitat, which is being degraded by human usage. This usage is having a detrimental
effect on our freshwater ecosystems. Freshwater ecosystems provide many critical services for
humans such as food, nutrient cycling and water filtration. These services are estimated to be
20% of the value of the entire earth’s utilized resources, amounting to $6.5 trillion dollars
(Strayer and Dudgeon 2010). Even with this high value placed on freshwater ecosystem services,
humans continue to use and degrade these valuable habitats. Humans capture more than half of
runoff globally and more than a quarter of sediment found in rivers is trapped behind reservoirs,
leading to many rivers running dry before reaching the ocean (Strayer and Dudgeon 2010).
Around 126,000 plant and animal species inhabit freshwater ecosystems and are at a greater risk
of extinction than their terrestrial counterparts (Collen et al. 2014). Threatened freshwater
species tend to have small geographic ranges and habitat loss or degradation affects more than
80% of these threatened species (Collen et al. 2014). Even with this higher risk of extinction, and
importance of their habitat to humans, freshwater species receive less attention than their
terrestrial counterparts. Many societies and journals fail to address conservation of freshwater
imperiled species: out of nearly one fifth of IUCN listed species, at most only 12% of those
species are mentioned in leading textbooks (Strayer and Dudgeon 2010). Although much has
been done in the way of assessing the status of freshwater species, more research will be needed
to understand and preserve freshwater biodiversity.
It is commonplace to assess the conservation status of aquatic vertebrates as an indicator
of the ecosystem health, but that may not be a good indicator of the status of non-vertebrate taxa
1

in the ecosystem (Collen et al. 2014). Recent assessment of non-vertebrate taxa has shown they
are at a higher risk of extinction than their vertebrate carrying counterparts, although there is less
data (Bland 2017). In the United States, there is a lack of representation of crayfish in particular
on the endangered species list, with only 1% of crayfish species making the list, while mammals
are represented with 20% of species and mollusks have 9% (Richman et al. 2015). The ICUN
names 32% of crayfish species as globally threatened, a larger proportion than mammals, birds
or reptiles (Bland 2017). Even though crayfish are likely at a higher risk of extinction than other
taxa, little is known about their conservation statuses.
Crayfish have a large impact on their aquatic or terrestrial environment and can be an
indicator of the health of aquatic environments, as they generally require undegraded
environments. In many habitats, crayfish make up more than half of the macroinvertebrate
biomass, and play important ecological roles, as a food resource for both aquatic and terrestrial
species, as predators of fish and invertebrates, and as bioprocessors of vegetation and detritus.
Crayfish make excellent indicators of good water quality, due to their need for specific factors
such as vegetation, woody debris and a gravel or boulder substrate; they also are sensitive to
inorganic chemicals and heavy metal pollutants commonly introduced from mines and
agriculture. The majority of crayfish species require more calcified waters, and their survival
decreases in softer water with low pH (Reynolds et al. 2013). At low levels, most pesticides and
herbicides can affect the behavior and physiology of these invertebrates (Buřič et al. 2013).
Heavy metals from industrial runoff have been known to bioaccumulate in freshwater
macroinvertebrates and make their way up the food chain (Donadt et al. 2021). Since crayfish are
more affected by chemicals and the water quality in their environment than other aquatic
vertebrate species, they could be used to assess an environment’s health (Goldsmith and Carlson

2

1979). Crayfish also help shape and change their habitat to provide optimal habitat and resources
for other aquatic species. Some species of crayfish are controllers of biodiversity, making them
keystone species and ecosystem engineers (Reynolds et al. 2013). As detritivores, crayfish break
down leaf litter, creating a food source for smaller invertebrates, and are even known to control
snail populations (Reynolds et al. 2013). Burrowing crayfish species have been found to move
soil in large amounts due to their density of one burrow per square meter which helps help the
movement of water and oxygen for overly saturated soils (Reynolds et al. 2013). As a food
source for both terrestrial and aquatic species paired with their ability to provide food resources
for a variety of invertebrates, crayfish directly affect community diversity and abundance
(Reynolds et al. 2013).
Crayfish can be found in a variety of habitats, from pristine rivers to mud in stagnant
marshes. Globally, there are less than 600 species of crayfish with 414 species found in the
United States and 148 species found in Australia (Bland 2017). While nearly all the species
found in North America are from the family Cambaridae, North America still holds the most
diverse assemblage of crayfish, and more than two thirds of North American crayfish species are
found in the southeastern portion of the United States. Recent work has concluded that nearly
half of North American crayfish and a quarter of Australian crayfish are threatened with
extinction, due, primarily, to restricted ranges and degraded habitats (Richman et al. 2015).
Crayfish are now more at risk of extinction than aquatic vertebrates, amphibians and reptiles, yet
there is less work done to study them. In the southern US, crayfish extinction risk has a high
association with river fragmentation, and the risk is increased with small body size and
seasonality of precipitation (Bland 2017).
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Crayfish prefer either an in-stream habitat of gravel and boulder substrates, with woody
debris and vegetation, or a loamy and very water saturated soil near a water source, for
burrowing. As previously stated, crayfish become at risk of extinction due to loss or degradation
of these aquatic habitats and unfortunately humans have a propensity to degrade or destroy these
habitats to extract natural resources. Processes such as dredging, urban channelization and the
overexploitation of the available water will cause streams and springs to run dry slowly
destroying habitat crucial to crayfish. Other factors that contribute to crayfish extinction risk
include chemical and heavy metal pollution that condense in aquatic habitat and the introduction
of invasive species typically through aquaculture. One example is the Red Swamp Crayfish,
Procambarus clarkii, which has successfully invaded in Europe as well as many areas of the
southern United States that are outside of its native range.

(A)

Figure 1. Distributions of (A) threatened crayfish species worldwide (Bland 2017) and (B) in
North America (Richman et al. 2015).
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In the Southern United States, there are around 357 species of crayfish, of which 12 are
critically endangered, 37 are endangered and 126 are vulnerable (Simon 2011). In the Arkansas
and Missouri River drainages, hydrological alterations exacerbated by climate change, and
invasive neighboring species, have increased the extinction risk of native crayfish (Yarra and
Magoulick 2019). Some species of crayfish found in the southern United States others occupy a
wide variety of habitats, whereas others are found in extremely specific habitats that are
geographically restricted. For instance, P. clarkii is found throughout Texas in habitats ranging
from roadside ditches to flowing rivers (Hobbs 1990), while the Bastrop Crayfish, Procambarus
texanus, is found only in four rural counties (Johnson 2018), and the type location no longer even
exists (Hobbs Jr 1971). There are many other examples of Texas crayfish that have restricted
ranges (Johnson 2011, 2018; 2021).
When looking at the current and potential distributions of species, it is beneficial to study
their ecological niches, since species are best suited to areas that match their ecological
tolerances and preferences (Peterson 2003). To accomplish this, I created ecological niche
models to predict the relative suitability of different areas of the landscape for different crayfish
species, using field observations combined with environmental data to make the predictions
(Peterson 2003). The objective of this project is to model the habitat that eight Texas crayfish
inhabit and the extents to which their habitats overlap with other crayfish species. This project
focuses on the central Texas counties of Burnet, Hays, Travis, Bastrop, Fayette, Lee, Milam,
Williamson, Burleson, Bell, McLennan, Hill, Ellis and Van Zandt. The general expectation is that
rarer species will have stricter habitat requirements region-wide, whereas more common species,
especially P. clarkii, will have broader habitat tolerances. Species with greater habitat tolerances
typically have broader ranges (Banta et al. 2012).
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Chapter 2
Methods
Study Sites
Sites in the Texas counties Burnet, Hays, Travis, Bastrop, Fayette, Kerr, Lee, Milam,
Williamson, Burleson, Bell, McLennan, Hill, Ellis and Van Zandt were sampled. The habitat at
these sights varied from fast flowing rivers to stagnant black water ponds to cool clear springs
and even swampy wetlands. Sites are private holdings that are made available through the Texas
Ecological Laboratory program (https://texasecolabprogram.org/). Sites that previously had P.
texanus and P. fayettei were resampled based on the locations reported in Johnson(2018).
Sampling Design
The sampling regimen at each site was as follows. Seine netting was used, where
possible, to sample crayfish in open shallow areas. Seining was done in 2 – 3 meter runs, from
the middle of the water features, as deep as the researchers could stand, to the banks. In riffles
found in creeks and rivers, kick-seining was used in 1 – 2 meter runs. In habitat where seine
netting was not feasible, minnow traps baited with hotdogs were used. Traps were left overnight
to be checked in the morning. Male and female specimen were taken and placed in 70% ethanol
to be identified to species in the lab where landowners permitted collection. Each specimen
captured were intensely photographed to identify species by gonopod later. Detailed pictures of
each species were posted to iNaturalist (https://inaturalist.org), and the ‘research-grade’
identification confirmations were used in ecological niche modeling later on.

6

Niche Modeling
Ecological niche modeling was accomplished by providing environmental and species
occurrence data to the software Maxent (Phillips et al. 2006). Maxent uses machine learning to
combine environmental and species occurrence data to predict species distributions over a wider
area outside of the immediate locales where they have been observed. Suitable habitat for the
species is identified region-wide, based on the environmental characteristics where the species
has previously been documented. This environmental data was taken from multiple databases:
soil data was taken from SSURGO Database (NRCS 2018) and climate data from Worldclim
(Fick and Himans 2017). Species occurrence points were iNaturalist research-grade occurrence
points, and included the specimens that I documented that were later confirmed on iNaturalist as
research-grade. Environmental layers were extracted from the datasets using ArcGIS for Desktop
version 10.5 (ESRI 2016) following the methodology found in Walters et al. (2017). For further
explanation of the environmental layers see tables from Lazzlo (2019). The extracted
environmental layers along with the species occurrence data were projected into the Universal
Transverse Mercator coordinate system (Karney 2011) for Zone 15N in GRASS GIS version
7.2.2 (GRASS Development Team 2017). The environmental layers were individually converted
into raster files, resampled to 100 m x 100 m resolution, clipped to the boundary of the state of
Texas, and then converted to the ESRI ASCII GRID format. Environmental layers were checked
for pairwise Person correlations greater in magnitude than |0.70| and removed redundant layers
(Supplementary Appendix Table S3). Layers were selected as significant for individual species
models with test gains greater than 0.7 (Supplementary Appendix Table S2).
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Chapter 3
Results
Model Validation
The average test AUC from the models of the eight different species (based on the
occurrence points from iNaturalist) ranged from 0.8456 – 0.9897. All of the models had AUC
values > 0.7 (Table 1), which is considered useful for predicting where these species may occur
(Hosmer et al. 2013).

Table 1. Summary information for the individual crayfish species niche models. The AUC
measures the probability that a randomly chosen presence site will be ranked above a randomly
chosen presence site will be ranked above a randomly chosen pseudoabsence site; models with
AUC > 0.70 are considered useful. Gain is the mean log probability of the occurrence samples,
minus a constant that makes the uniform distribution have zero gain.

Areas of High Suitability
Areas of high suitability for Procambarus clarkii were found in a band through the
southern portions of the Brazos, Colorado, Guadalupe, and San Antonio River basins. There
were also a large portion of the northern Trinity and San Jacinto River basins with suitable
habitat. The niche modeling map is shown here (Figure 3) as an example.
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Figure 2. Predicted potential suitable habitat for P. clarkii in Texas. The colorization scheme
represents the predicted habitat suitability for the P. clarkii, with red being the most suitable
habitat and blue indicating the least suitable habitat.

Areas of high suitability for P. acutus was found in the connecting corners of the Red,
Sulfur, Sabine and Trinity River basins, in which most occurrence points occurred (see the
supplementary data). There was also high habitat suitability in the southern portion of the Brazos
River basin and the San Jacinto Basin.
Areas of high suitability for P. simulans was found in a band through the southern
portions of the Trinity, Brazos and Colorado River basins, in which a large majority of the
occurrence points were based (see the supplementary data). High habitat suitability was not
found in northern Texas where occurrence points were scattered throughout.
In contrast to many other species, P. texanus had a restricted range, with suitable habitats
only in the southern tips of the Guadalupe and Colorado River Basins. Outside of this area, there
9

was little to no suitable habitat. The ecological niche modeling map is shown here as an example,
to contrast with P. clarkii (Figure 4)

Figure 3. Predicted potential suitable habitat for P. texanus in Texas. The colorization scheme
represents the predicted habitat suitability for the P. texanus, with red being the most suitable
habitat and blue indicating the least suitable habitat.

Areas of high suitability for P. fayettei was found in a band through the Brazos, San
Jacinto, Colorado and Guadalupe River basins (see the supplementary data). High habitat
suitability was also found in the Rio Grande and Trinity River Basins.
Areas of high suitability for Lacunicambarus ludovicianus were found within the
southern San Jacinto River basin as well as the Brazos-Colorado River basin, in which most of
the occurrence points were found (see the supplementary data).
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Areas of high suitability for Faxonius nais was found In the Brazos, upper Trinity and the
Red River Basins (see supplementary data). There was also suitable habitat found in the Sulfur
River basin.
Areas of high suitability for F. occidentalis were found in the Colorado, Guadalupe, and
San Antonio River basins (see the supplementary data).

The Importance of Individual Environmental Variables to Each of the Models
An environmental factor was determined to have a substantial effect on an ecological
niche model if the test gain of a model created with only that one environmental factor was
substantial as compared to the test gain of the full model (at least 5% of the test gain of the full
model) (Laszlo 2019). Of all the environmental variables, precipitation seasonality was the only
variable in common among all of the species that has a substantial contribution to their
respective full models. Other than this one variable, the models for different species shared
different subsets of the environmental variables as important contributors to their respective full
models. Also, importantly, no individual model that included only one environmental variable
achieved the test gain of the corresponding full model, suggesting that all of the environmental
variables were needed to accurately model habitat suitability for each of the species, due to
non-additive effects among the environmental variables that contributed to the test gains of the
full models.
For P. clarkii, the model of the most suitable habitat was most substantially accounted for
(achieved at least 5% of the test gain of the full model when modeled alone) by the following
environmental variables: available soil water supply at 0 – 25, 0 – 50, 0 – 100, and 0 – 150 cm,
soil bulk density at 1/3 bar, soil cation exchange capacity, soil organic matter, soil percent clay,
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soil percent silt, baseflow, annual mean temperature, temperature isothermality, maximum
temperature of the warmest month, mean temperature of the wettest quarter, mean temperature of
the driest quarter, annual precipitation, and precipitation seasonality.
For P. acutus, the model of the most suitable habitat was most substantially accounted for
by the following environmental variables: soil available water capacity, soil cation exchange
capacity, soil organic matter, soil percent clay, soil percent silt, soil water content at 15 bar,
baseflow, annual mean temperature, temperature isothermality, maximum temperature of the
warmest month, mean temperature of the wettest quarter, mean temperature of the driest quarter,
annual precipitation, and precipitation seasonality.
For P. simulans, the model of the most suitable habitat was most substantially accounted
for by the following environmental variables: soil available water capacity, soil bulk density at
1/3 bar, soil cation exchange capacity, soil organic matter, soil percent clay, soil percent silt, soil
water content at 15 bar, annual mean temperature, temperature isothermality, maximum
temperature in the warmest month, mean temperature of the wettest quarter, mean temperature of
the driest quarter, annual precipitation, and precipitation seasonality.
For P. texanus, the model of the most suitable habitat was most substantially accounted
for by the following environmental variables: soil available water capacity, erodibility of the
whole soil, soil percent silt, soil sodium absorption ratio, soil water content at 15 bar, baseflow,
annual mean temperature, temperature isothermality, maximum temperature of the warmest
month, mean temperature of the wettest quarter, mean temperature of the driest quarter, annual
precipitation, and precipitation seasonality.
For P. fayettei, the model of the most suitable habitat was most substantially accounted
for by the following environmental variables: available soil water supply at 0 – 25, 0 – 50, 0 –
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100, and 0 – 150 cm, erodibility of the whole soil, soil organic matter, annual mean temperature,
temperature isothermality, maximum temperature of the warmest month, annual precipitation,
and precipitation seasonality.
For L. ludovicianus, the model of the most suitable habitat was most substantially
accounted for by the following environmental variables: soil cation exchange capacity,
erodibility of the rock-free portion of the soil, soil percent clay, soil water content at 15 bar,
baseflow, annual mean temperature, temperature isothermality, maximum temperature of the
warmest month, mean temperature of the wettest quarter, mean temperature of the driest quarter,
annual precipitation, and precipitation seasonality.
For F. nais, the model of the most suitable habitat was most substantially accounted for
by the following environmental variables: soil available water capacity, available soil water
supply at 0 – 25, 0 – 50, 0 – 100, and 0 – 150 cm, soil gypsum content, temperature
isothermality, mean temperature of the wettest quarter, mean temperature of the driest quarter,
annual precipitation, and precipitation seasonality.
For F. occidentalis, the model of the most suitable habitat was most substantially
accounted for by the following environmental variables: erodibility of the whole soil, soil percent
clay, soil sodium absorption ratio, soil water content at 15 bar, baseflow, and precipitation
seasonality.

Habitat Associations
Many of the relationships between habitat suitability and the specific environmental
variables are complex and variable among species, and thus are not easily summarized. Refer to
the supplementary data for detailed graphs of these relationships. That stated, some habitat
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associations for the various species had reoccurring themes, specifically those for: precipitation
seasonality, available water capacity, percent clay, organic matter and baseflow. In particular,
precipitation seasonality had a substantial influence on all of the models. Precipitation
seasonality is the tendency for some months to have more precipitation than others. All of the
species showed a decline in habitat suitability as the seasonality of precipitation increased.
Available water capacity is the total water available to plants (and presumably other organisms)
from 0 – 200 cm when the soil is at its full field capacity (Laszlo 2019). All but one of the
species whose habitat suitability was associated with available water capacity showed an
increased habitat suitability as the available water capacity increased. The amount of clay in the
soil is another environmental variable highly associated with suitable habitat among multiple
species models. Some of the species prefer as much clay as possible, but one species that does
not prefer clay is F. occidentalis. With regards to soil organic matter, most species were
associated with habitats containing as little of it as possible. In general, the species preferred
habitat with higher baseflow up until a certain point, after which, for several species, habitat
suitability drops off precipitously.
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Chapter 4
Discussion
My study is unique, as it provides the first use of ecological niche modeling for crayfish
that is centered on Texas, and that focuses on species found in Texas, some of which are rare and
can only be found in a few counties. This has never been done specifically for Texas crayfish; the
closest example is a study centered around the neighboring state of Oklahoma and focusing on
Oklahoma species (Morehouse and Tobler 2013). Another unique feature of my study is that
previous crayfish modeling used either climatic variables (Morehouse and Tobler 2013) or soil
variables (Dornik et al. 2021), but not both, whereas my approach uses both sets of variables.
Including soils is important, because crayfish require soil to burrow, and the requirements differ
between species; some prefer dense soils with high clay content, and others prefer highly
erodible soils (Dornik et al. 2021). Furthermore, soil characteristics and land use can influence
the local water characteristics such as pH and heavy metal content (Brion et al. 2011).
Overall, my study suggests that priority areas for crayfish conservation in the state lie
mostly in bands connecting the Houston metropolitan area west to the San Antonio and Austin
metropolitan areas, and stretching from the Dallas metropolitan area to the Austin metropolitan
area, as well as stretching over the Trinity, San Jacinto, Brazos, Colorado, Guadalupe and San
Antonio River basins.

Habitat Associations
To guide future research, I offer hypotheses for some the associations between
environmental variables and habitat suitability. Seasonal precipitation has been highly correlated
the flow characteristics of ephemeral streams. This may be what is driving the observation of
decreasing habitat suitability with increasing precipitation seasonality: crayfish require water,
15

and this could inhibit them from habitat with highly seasonal precipitation leading to
non-permanent water sources.
The necessity of crayfish to have water may also be driving the positive association
between habitat suitability and available soil water capacity. And the exception to this norm L.
ludovicianus, which was associated with intermediate values of available water capacity, might
be due to the coastal factors of its range. Crayfish are typically intolerant of salt and unable to
survive in brackish waters. Since L. ludovicianus is often found near the coast in swampy areas,
their intolerance to salt might be affecting their ability to live in soils with high water content that
may also be more permeable to intrusion by salt water.
The differing preferences of crayfish to soil clay content may relate to their style of life.
The species that prefer as much clay content as possible may be facultative burrowers, whereas
the one species that does not prefer clay, F. occidentalis, is found west of San Antonio with
habitat that consists of limestone bedrock, and cool and clear flowing rivers like the Guadalupe
River and large rocks with decaying vegetative matter. Thus F. occidentalis may not burrow,
finding shelter among the rocks and decaying vegetation. The associations of L. ludovicianus
with low and high clay content, but not intermediate content, may be due, again, to its coastal
range, where intermediate clay content may indicate tidal deposits from estuarine environments
that are high in salt.
It may seem surprising that the crayfish tended to prefer less soil organic matter, since
crayfish consume organic matter as food source. But high levels of organic matter are associated
with increasing bacterial activity, which, in turn, creates anoxic conditions. Crayfish may prefer
lower organic matter because of its relationship to the oxygen content of the water they inhabit.
Yet, it is noteworthy that, unlike the other species, P. clarkii is tolerant of a range of organic
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matter levels, which may explain why it has become invasive across the globe. This also matches
observations in the field that P. clarkii was found in a wide variety of habitats (N. Schubert,
personal observation).
The reason that species preferred higher baseflow only up until a certain point may be
due to its correlation with the size of the streams. Baseflow from aquifers may sustain smaller
and medium-sized streams during periods of drought, which has been previously documented to
increase habitat suitability for aquatic species. But once baseflow is above a certain threshold,
the river may be too large for crayfish, perhaps due in part to predatory fish. Yet, again, P. clarkii
bucked this trend with suitability increasing as base flow increases. This may reflect its tolerance
for a wide range of environments, including larger rivers where other species cannot survive. The
habitat suitability for F. occidentalis also increases as baseflow increases, but in this case, it may
be due to the fact that this species is relegated to the Hill Country, where perennial streams are
more dependent on groundwater and there is less rainfall to augment the baseflow contribution to
streams. In such environments, higher baseflow may be needed to sustain perennial flow, as
compared to environments in wetter East Texas, where excessive base flow many simply
represent much larger rivers.

Concluding Remarks
In summary, my study provides valuable insights into the habitat preferences of Texas
crayfish for the first time. I documented areas where multiple Texas crayfish are found in the
state, and I offer some insights into the possible mechanisms that may be accounting for these
preferences. I note that ecological niche modeling can only identify correlates that predict where
the habitat is most favorable for a given species; it does not include the manipulative
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experiments necessary to make causative claims about the environmental factors that actually
drive the species’ distributions. Thus, I recommend follow-up studies to both verify these
ecological niche models on the ground for the presences and absences of these species, as well to
test the physiological and ecological hypotheses presented here to account for these distributions.
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Supplementary Appendix

Figure S1. The spatial extent of my study area (Texas) showing the state’s major rivers (in blue).
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Figure S2. The specimen locations used in my study. The red dots represent the research grade
occurrence points from iNaturalist (inaturalist.org) for Procambarus clarkii, P. acutus, P.
simulans, P. texanus, P. fayettei, Lacunicambarus ludovicianus, Faxonius nais, and F.
occidentalis. The yellow dots are the individuals of the above species that I personally collected
in the summers of 2021 and 2022.
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Figure S3. The P. clarkii locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S4. The P. acutus locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S5. The P. simulans locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S6. The P. texanus locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S7. The P. fayettei locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S8. The L. ludovicianus locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S9. The F. nais locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S10. The F. occidentalis locations used in my study. The red dots represent research grade
occurrence points from iNaturalist (inaturalist.org) and the yellow dots are the individuals of the
above species that I personally collected in the summers of 2021 and 2022.
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Figure S11. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of available water supply from 0-25cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S12. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of available water supply from 0-50cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S13. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of available water supply from 0-100cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S14. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of available water supply from 0-150cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S15. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of bulk soil density at 1/3 bar (x-axis). The blue represents the standard deviation
around the mean trend (red).
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Figure S16. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of cation exchange capacity (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S17. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of organic matter (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S18. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of percent clay (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S19. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of percent silt (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S20. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of baseflow (x-axis). The blue represents the standard deviation around the mean trend
(red).
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Figure S21. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of annual mean temperature (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S22. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of isothermality (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S23. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of maximum temperature of the warmest month (x-axis). The blue represents the
standard deviation around the mean trend (red).
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Figure S24. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of mean temperature of the wettest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S25. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of mean temperature of the driest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S26. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of annual precipitation (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S27. Habitat suitability (y-axis) predicted by the ecological niche model for P. clarkii as a
function of precipitation seasonality (x-axis). The blue represents the standard deviation around
the mean trend (red)
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Figure S28. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of available water capacity from 0-200cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S29. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of cation exchange capacity (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S30. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of organic matter (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S31. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of percent clay (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S32. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of percent silt (x-axis). The blue represents the standard deviation around the mean
trend (red).

54

Figure S33. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of water content at 15 bar (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S34. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of baseflow (x-axis). The blue represents the standard deviation around the mean trend
(red).
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Figure S35. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of annual mean temperature (x-axis). The blue represents the standard deviation around
the mean trend (red).

57

Figure S36. Habitat suitability (y-axis) predicted by the ecological niche model for Procambarus
acutus a function of isothermality (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S37. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of maximum temperature of the warmest month (x-axis). The blue represents the
standard deviation around the mean trend (red).
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Figure S38. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of mean temperature of the wettest month (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S39. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of mean temperature of the driest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S40. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of annual precipitation (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S41. Habitat suitability (y-axis) predicted by the ecological niche model for P. acutus a
function of precipitation seasonality (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S42. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of available water capacity from 0-200cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S43. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of bulk density at 1/3 bar (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S44. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of cation exchange capacity (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S45. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of organic matter (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S46. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of percent clay (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S47. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of percent silt (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S48. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of water content at 15 bar (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S49. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of annual mean temperature (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S50. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of bio3 (x-axis). Bio3 is comprised of isothermality. The blue represents the standard
deviation around the mean trend (red).
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Figure S51. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of maximum temperature of the warmest month (x-axis). The blue represents the
standard deviation around the mean trend (red).

73

Figure S52. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of mean temperature of the wettest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S53. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of mean temperature of the driest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S54. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of annual precipitation (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S55. Habitat suitability (y-axis) predicted by the ecological niche model for P. simulans a
function of precipitation seasonality (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S56. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of available water capacity from 0-200cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S57. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of erodibility of the whole soil (x-axis). The blue represents the standard deviation
around the mean trend (red).
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Figure S58. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of percent silt (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S59. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of sodium absorption ratio (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S60. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of water content at 15 bar (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S61. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of baseflow (x-axis). The blue represents the standard deviation around the mean trend
(red).
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Figure S62. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of annual mean temperature (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S63. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of isothermality (x-axis). The blue represents the standard deviation around the mean
trend (red).

85

Figure S64. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of maximum temperature of the warmest month (x-axis). The blue represents the
standard deviation around the mean trend (red).
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Figure S65. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of mean temperature of the wettest month (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S66. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of mean temperature of the driest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S67. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of annual precipitation (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S68. Habitat suitability (y-axis) predicted by the ecological niche model for P. texanus a
function of precipitation seasonality (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S69. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of available water supply from 0-25cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S70. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of available water supply from 0-50cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S71. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of available water supply from 0-100cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S72. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of available water supply from 0-150cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S73. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of erodibility of the whole soil (x-axis). The blue represents the standard deviation
around the mean trend (red).
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Figure S74. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of organic matter (x-axis). The blue represents the standard deviation around the mean
trend (red).

96

Figure S75. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of annual mean temperature (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S76. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of isothermality (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S77. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of maximum temperature of the warmest month (x-axis). The blue represents the
standard deviation around the mean trend (red).
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Figure S78. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of annual precipitation (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S79. Habitat suitability (y-axis) predicted by the ecological niche model for P. fayettei a
function of precipitation seasonality (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S80. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of cation exchange capacity (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S81. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of erodibility of the rock-free portion of the soil (x-axis). The blue
represents the standard deviation around the mean trend (red).
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Figure S82. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of percent clay (x-axis). The blue represents the standard deviation
around the mean trend (red).
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Figure S83. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of water content at 15 bar (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S84. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of baseflow (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S85. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of annual mean temperature (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S86. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of bio3 (x-axis). Bio3 is comprised of isothermality. The blue represents
the standard deviation around the mean trend (red).
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Figure S87. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of maximum temperature of the warmest month (x-axis). The blue
represents the standard deviation around the mean trend (red).
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Figure S88. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of mean temperature of the wettest quarter (x-axis). The blue represents
the standard deviation around the mean trend (red).
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Figure S89. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of mean temperature of the driest quarter (x-axis). The blue represents
the standard deviation around the mean trend (red).
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Figure S90. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of annual precipitation (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S91. Habitat suitability (y-axis) predicted by the ecological niche model for L.
ludovicianus a function of precipitation seasonality (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S92. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of available water capacity from 0-200cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S93. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of available water supply from 0-25cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S94. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of available water supply from 0-50cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S95. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of available water supply from 0-100cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S96. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of available water supply from 0-150cm (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S97. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of gypsum from 0-200cm (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S98. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of isothermality (x-axis). The blue represents the standard deviation around the mean
trend (red).
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Figure S99. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of mean temperature of the wettest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S100. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of mean temperature of the driest quarter (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S101. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of annual precipitation (x-axis). The blue represents the standard deviation around the
mean trend (red).
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Figure S102. Habitat suitability (y-axis) predicted by the ecological niche model for F. nais as a
function of precipitation seasonality (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S103. Habitat suitability (y-axis) predicted by the ecological niche model for F.
occidentalis as a function of erodibility of whole soil (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S104. Habitat suitability (y-axis) predicted by the ecological niche model for F.
occidentalis a function of percent clay (x-axis). The blue represents the standard deviation
around the mean trend (red).
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Figure S105. Habitat suitability (y-axis) predicted by the ecological niche model for F.
occidentalis a function of sodium absorption ratio (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S106. Habitat suitability (y-axis) predicted by the ecological niche model for F.
occidentalis a function of water content at 15 bar (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S107. Habitat suitability (y-axis) predicted by the ecological niche model for F.
occidentalis as a function of baseflow (x-axis). The blue represents the standard deviation around
the mean trend (red).
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Figure S108. Habitat suitability (y-axis) predicted by the ecological niche model for F.
occidentalis a function of precipitation seasonality (x-axis). The blue represents the standard
deviation around the mean trend (red).
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Figure S109. Predicted potential suitable habitat for P. clarkii in Texas. The colorization scheme
represents the predicted habitat suitability for the P. clarkii with red being the most suitable
habitat and blue indicating the least suitable habitat.
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Figure S110. Predicted potential suitable habitat for P. acutus in Texas. The colorization scheme
represents the predicted habitat suitability for the P. acutus with red being the most suitable
habitat and blue indicating the least suitable habitat.
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Figure S111. Predicted potential suitable habitat for P. simulans in Texas. The colorization
scheme represents the predicted habitat suitability for the P. simulans with red being the most
suitable habitat and blue indicating the least suitable habitat.
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Figure S112. Predicted potential suitable habitat for P. texanus in Texas. The colorization scheme
represents the predicted habitat suitability for the P. texanus with red being the most suitable
habitat and blue indicating the least suitable habitat.

134

Figure S113. Predicted potential suitable habitat for P. fayettei in Texas. The colorization scheme
represents the predicted habitat suitability for the P. fayettei with red being the most suitable
habitat and blue indicating the least suitable habitat.

135

Figure S114. Predicted potential suitable habitat for L. ludovicianus in Texas. The colorization
scheme represents the predicted habitat suitability for the L. ludovicianus with red being the most
suitable habitat and blue indicating the least suitable habitat.
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Figure S115. Predicted potential suitable habitat for F. nais in Texas. The colorization scheme
represents the predicted habitat suitability for the F. nais with red being the most suitable habitat
and blue indicating the least suitable habitat.
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Figure S116. Predicted potential suitable habitat for F. occidentalis in Texas. The colorization
scheme represents the predicted habitat suitability for the F. occidentalis with red being the most
suitable habitat and blue indicating the least suitable habitat.
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Table S1. Summary information for the individual crayfish species niche models. The AUC
measures the probability that a randomly chosen presence site will be ranked above a randomly
chosen presence site will be ranked above a randomly chosen pseudoabsence site; models with
AUC > 0.70 are considered useful. Gain is the mean log probability of the occurrence samples,
minus a constant that makes the uniform distribution have zero gain.
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Table S2. Test gain values with only specified variables. The test gain value for the one-variable
model provides the proportion of the total gain accounted for by each variable.
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Table S3a. Pairwise Pearson correlation for environmental layers with layers having a greater
correlation value being struck through.
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Table S3b. Pairwise Pearson correlation for environmental layers with layers having a greater
correlation value being struck through.
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Table S3c. Pairwise Pearson correlation for environmental layers with layers having a greater
correlation value being struck through.
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Table S3d. Pairwise Pearson correlation for environmental layers with layers having a greater
correlation value being struck through.
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